Investigation of the intrinsic permeability of ice-templated collagen scaffolds as a function of their structural and mechanical properties.
Collagen scaffolds are widely used in a range of tissue engineering applications, both in vitro and in vivo, where their permeability to fluid flow greatly affects their mechanical and biological functionality. This paper reports new insights into the interrelationships between permeability, scaffold structure, fluid pressure and deformation in collagen scaffolds, focussing in particular on the degree of closure and the alignment of the pores. Isotropic and aligned scaffolds of different occlusivity were produced by ice templating, and were characterised in terms of their structure and mechanical properties. Permeability studies were conducted using two experimental set-ups to cover a wide range of applied fluid pressures. The permeability was found to be constant at low pressures for a given scaffold with more open structures and aligned structures being more permeable. The deformation of scaffolds under high pressure led to a decrease in permeability. The aligned structures were more responsive to deformation than their isotropic equivalents with their permeability falling more quickly at low strain. For isotropic samples, a broad (1 - ɛ)2 dependence for permeability was observed with the constant of proportionality varying with collagen fraction as the starting structures became more occluded. Aligned scaffolds did not follow the same behaviour, with the pores apparently closing more quickly in response to early deformation. These results highlight the importance of scaffold structure in determining permeability to interstitial fluid, and provide an understanding of scaffold behaviour within the complex mechanical environment of the body. STATEMENT OF SIGNIFICANCE: Collagen scaffolds are widely used in tissue engineering applications, for instance to contribute with wound healing. Their permeability to fluid flow, such as water and blood, is important to ensure they perform efficiently when inside the body. The present study reports new insights into the relationships between permeability, scaffold structure, fluid pressure and deformation in collagen scaffolds. It presents in particular the experimental setups used to measure these properties and the result of comparisons between collagen scaffolds with different structures: aligned and isotropic (non-aligned). It indicates quantitative differences in terms of permeability, and the effects of compression on such permeability. The results contribute to the development and understanding of collagen scaffolds and their applications.